Objectives: The study was conducted to improve our understanding of the epidemiology of cancer in systemic sclerosis (SSc) by evaluating the incidence, prevalence, relative risk of overall and site-specific malignancies, predictors and cancer-attributable mortality. Methods: MEDLINE, CINAHL, EMBASE and Cochrane Library (inception-May 2012) were searched. Estimates were combined using a random effects model. Consistency was evaluated using the I 2 statistic. Results: 4876 citations were searched to identify 60 articles. The average incidence of malignancy in SSc was 14 cases/1000 person-years; the prevalence ranged between 4% -22%. Cancer was the leading cause of non-SSc related deaths with a mean of 38%. Overall SIR for all-site malignancy risk was 1. ) and oropharyngeal (SIR 5.0, 95%CI 2.18, 11.47; I 2 58%) cancers. Risk factors include a-RNAP I/III seropositivity, male sex, and late onset SSc. Smoking and longstanding interstitial lung disease increase the risk of lung cancer; Barrett's esophagus and a positive family history of breast cancer, respectively, increase the risk of esophageal adenocarcinoma and breast cancer. Conclusions: SSc patients have a two-fold increase in all-site malignancy, and greater risk of lung and haematological malignancies that contribute significantly to mortality. Vigilance should be considered in SSc patients with risk factors for cancer.
Introduction
Systemic sclerosis (SSc) is a chronic multisystem autoimmune disorder characterized by vasculopathy and fibrosis of the skin and visceral organs, which is associated with substantially reduced survival [1, 2] . The occurrence of cancer significantly complicates the disease course, burdens its management and contributes to mortality [1] [2] [3] . Accumulating evidence from cohort studies has suggested an overall higher risk of cancer in SSc patients. However, data are still contradictory with some studies showing the risk comparable to the general populations [4, 5] , whereas others reporting a moderate [6] [7] [8] [9] [10] [11] [12] or significantly [13, 14] increased risk of cancer in SSc. The absolute standardized incidence ratio (SIR) values for individual cancers were also variable in the different studies. Meanwhile, the characterization of malignancy risk in SSc has gained considerable importance with the recently published case reports of cancer occurrence in patients receiving novel therapeutic interventions like biologic therapy and intense immunosuppression for stemcell transplantation [15, 16] .
To interpret these findings correctly, it is necessary to determine the underlying risk of cancer development in SSc patients compared to the general population. The only systematic review of malignancy risk in SSc [17] was limited in its search scope. It calculated the overall relative risk of malignancy in SSc based on mixed prevalence and incidence ratios and summarized the results on malignancy risk in SSc patients and SSc risk in patients with certain types of cancer, creating a potential bias. Furthermore, the ability to predict cancer would fulfill the needs of clinical practitioners to better allocate efforts and resources towards those SSc patients who are at increased risk of malignancy resulting in earlier effective therapy, better survival, and ideally, primary prevention of cancer. This has prompted the search for cancer predictors in SSc.
However, not all reports agree that determinants suggested as risk factors are more common in SSc patients with cancer, [11] [12] [13] 18, 19] nor is there complete agreement regarding the factors that might increase the risk of site-specific malignancies [21, 22] .
All this emphasizes the need of systematic analysis to evaluate the risk of malignancy in SSc patients and to interpret the clinical value of characteristics suggested to identify high-risk individuals. Consequently, the aim of this study was to systematically review the incidence, prevalence and relative risk of overall and site-specific malignancies in SSc patients, as well as to synthesize the clinical evidence for the relationship between risk factors and malignancy. Additionally, we analysed the data from the studies examining the cancer-attributable mortality in SSc. Given our findings, we discuss the potential implications of these investigations and future directions involving a combination of population and molecular studies that are needed to predict malignancy in SSc patients.
Methods
Search strategy. MEDLINE, MEDLINE In-Process & Other Non-Indexed Citations, the Cumulative Index to Nursing and Allied Health Literature (CINAHL), EM-BASE and the Cochrane Library were searched from inception to May 2012, using the terms "scleroderma" OR "systemic sclerosis" OR "CREST syndrome" or "calcinosis" or "Raynaud"s phenomenon" AND ("malignanсy or malignancies" or "cancer" or "neoplasm(s)" or "tumor(s)" or "carcinoma(s)" or "lymphoma(s)" or "leukemia" or "sarcoma" or "melanoma" or "neoplastic" or "carcino" or "onco") AND ("risk", "mortality", "cancer mortality", standardized mortality ratio", or "cause of death", or "survival", or "cancer specific survival", or "life expectancy" or "overall survival", or "morbidity", or "comorbidity", or "incidence", or "prevalence") AND ("epidemiolog(y)" or "case control study" or "population-based study" or "hospital based study", or "retrospective study" or "prospective study" or "follow up", or "longitudinal study", or "cross sectional study", or "observational study" or "cohort study"). The search was conducted independently by an investigator (T.N.) and a University Health Network Library Services Information Specialist. End-NoteX4 software was used to check for duplicate publications.
Studies were limited to human but without language restriction. Articles were translated by native-language speakers or machine translation software. Studies were included if they: 1) had observational study design: a) reported overall and site-specific malignancy rates in SSc, b) case-control studies where the characteristics of SSc patients with and without malignancies were compared to determine the risk factors of cancer development in SSc, c) studies on cancer-attributable SSc mortality; 2) contained original data; 3) reported an adult population. Studies were excluded if they 1) reported localized scleroderma, juvenile scleroderma, paraneoplastic scleroderma-like syndrome; 2) were abstracts, case reports, editorials and review articles; 3) were studies for which updated manuscripts were available. Searches were supplemented by hand-searching relevant articles (including citation searching), references of selected studies, guidelines and reviews. Eligible citations were assessed independently by two investigators (T.N., S.C.). Disagreements were resolved by consensus between the two investigators or by involving an arbitrator (S.R.J.).
Outcomes. The outcomes of interest were 1) the relative risk of cancer in SSc patients compared with the general population, estimated as the age-and sex-adjusted standardized incidence ratio (SIR), 2) risk factors for cancer development in SSc patients and 3) cancer mortality rate in SSc. Measures of relative effect included absolute risk, odds ratios (OR), hazard ratios (HR), standardized incidence ratio (SIR), standardized mortality ratio (SMR), with or without 95% confidence intervals (CI). The SIR is the ratio of the incident number of cases to the incident number that would be expected if the study population had the same incidence rate as a standard or other population for which the incidence rate is known. The SMR is the ratio of the number of deaths observed in the study group to the number that would be expected if the study population had the same specific rates as the standard population. Study characteristics and outcome data were independently abstracted by 2 investigators (T.N, S.C) using a standardized abstraction from. The abstracted data was independently verified against the source document by 2 different investigators (A.R, C.P.).
Analysis. Descriptive statistics were used to summarize the data. The proportions of deaths attributable to cancer were calculated separately among all causes of death in SSc patients, among all known causes of death and among SSc-unrelated (including possibly related) causes of deaths. Summary estimates of the relative risk of 1) overall malignancy, 2) site-specific malignancies, 3) overall malignancy by sex, 4) lung cancer by sex in SSc patients were calculated using Dersimonian and Laird inverse variance weighting random effect method. Analysis was conducted using SPSS v6.1 and RevMan 5.2 software. The systematic review and meta-analysis conform to the PRISMA statement [23] . cent of deaths due to cancer were absent n = 2 [25, 26] , the total number of deceased SSc patients was too small to obtain reliable data on malignancy-attributable mortality n = 2 [27, 28] ). Three works of Derk et al. [6, 29, 30] were analysed as 1 study as they were based on the same SSc cohort. This left 60 papers reporting the results of 58 studies for inclusion in this review (Figure 1) .
Twenty nine studies stated incidence or/and prevalence of malignancy in SSc patients [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] 18, 20, 21, , of these 13 also analysed risk factors for cancer [4, 8, 9, [11] [12] [13] 18, 20, 21, 29, 37, 39, 41 ] and 1-cancer-attributable mortality [14] . Five studies were directly addressed to the risk factors for cancer in SSc patients [19, 22, 42, 46] . Seventeen studies reported cancer among the causes of SSc-unrelated deaths [1] [2] [3] 43, [49] [50] [51] [52] [53] [54] [55] [56] [57] [58] [59] [60] [61] .
Results
A total of 4876 citations (4203 English, 673 non-English) were identified using the search criteria, however 3767 citations were excluded (data on SSc but not malignancy n = 321, localized scleroderma n = 50, case reports n = 84, paraneoplastic syndrome n = 43, chemically induced SSc or Raynaud's phenomenon n = 46, or sclerodermalike manifestations of graft versus host disease n = 34, malignancies associated with diseases other than SSc n = 3190). One hundred fifteen articles were further analyzed, and of these, 65 full-text papers were found to meet the inclusion criteria and not any of the exclusion criteria. However, 5 papers were excluded (up-dated manuscripts were available n = 1 [24] , the data on the number or perPopulation level associations between SSc and malignnancies have been evaluated by two study designs which we analysed separately considering the different methodological approaches and outcome measures (SIR, odds ratios). A majority of studies have assembled cohorts of SSc patients followed-up for the occurrence of cancer to calculate SIRs for malignancies in SSc patients compared to the general population ( Table 1 ). In contrast, seven studies used the case-control design based on the largesized samples of patients with a certain site-specific malignancy [62] [63] [64] [65] [66] [67] [68] . Among these cancer patents, those who reported a prior history of SSc were detected to estimate relative risks for the association between certain types of cancer and SSc.
Prevalence and incidence of malignancy in SSc. The prevalence of overall malignancy ranged from 4% to 22% considering wide variation in follow-up time and different timeframes chosen for the inclusion of malignnancy cases. The average incidence of overall malignnancy was 14 cases/1000 person-years, with most commonly seen lung (3.3), breast (1.6) and haematological (1.6) malignancies, including Non-Hogkin's lymphoma (NHL) (1.0) ( (Figure 2) . Most studies based on Caucasian SSc cohorts showed similar slightly increased (1.5-2-fold) risk of malignancy in SSc, whereas three studies from Asia indicated a cancer risk that was significantly (4-5-fold) higher [8, 14, 18] . Kang et al. reported that the incidence of cancer among patients with SSc was 4.2 times higher than in the Korean general population (95%CI 2.3, 6.1). Fuse et al. reported malignnancy occurred in ten out of sixty seven SSc patients (14.9%), and that was 4.6 times higher than the incidence of malignancy in the general population of Japan. Higuchi et al. found the highest among all published works cancer rate in SSc patients (16.3%), with an estimated SIR of 5.1. Similar to the study of Kang and Fuse, SSc group was small and included only 43 patients, 7 of whom developed malignancies during a follow-up period of 6 years at average. In two larger studies of SSc cohorts in Japan (8327 patients) and Taiwan (2053 patients) the relative risks of malignancy were analogous to those reported for Caucasian SSc cohorts: 1.6 and 2.3 times higher compared to the general populations [39, 43] . Three studies did not reveal an increased risk of cancer in SSc patients [4, 5, 45] .
Site-specific malignancies. [4, 6, 7, 10] . SSc patients may be also at a higher risk of leukemia (SIR 2.79, 95%CI 1.22, 6.37; I2 0%) [7, 10] , malignant melanoma (SIR 2.92, 95%CI 1.76, 4.83; I2 35%) [7, 11] , liver (SIR 4.75, 95%CI 3.09, 7.31; I20%) [4, 8, 10] , cervical (SIR 1.89, 95%CI 1.01, 3.54; I2 62%) [4, 7, 11, 43] and oropharyngeal (SIR 3.97, 95%CI 3.02, 5.21; I2 16%) [11, 30, 43] cancer; but this was only supported by ≤4 studies. In contrast, the risk of breast and esophageal cancers associated with SSc appeared to be comparable with that in the general population: SIR 1.3, 95%CI 0.51, 3.33 [4, 6, 7, [9] [10] [11] [12] 43] and SIR 5.26, 95%CI 0.36, 77.28 [6] [7] [8] [9] , respectively. However, the inconsistency (I2) between the results of these studies was very high -98% -99%.
Lung cancer was the most frequent malignancy in SSc patients comprising from 14% -44% of all SSc cancer cases [4, [6] [7] [8] [9] [10] [11] [12] 18, 40] . The risk of lung cancer was higher in men (SIR 5.03, 95%CI 2.8, 9.04; I2 66%) than in women SIR 4.24, 95%CI 2.49, 7.24; I2 78%) [6] [7] [8] 10, 11, 43] . Tissue types included adenocarcinoma (from 20% to 50%, mean ± SD 40% ± 20%), squamous cell cancer (from 0% to 47%, mean ± SD 21% ± 17%), oat cell cancer (0% -14%), mixed histology (0% -27%), alveolar cell carcinoma (0% -14%) and undifferentiated (0% -50%) lung cancer [4, [8] [9] [10] [11] [12] 20, 41] .
Haematological malignancies have been reported to be associated with systemic sclerosis in several studies. In a ross-sectional study of Siau et all site-specific cancers was found for haematological malignancies (RR18.5, 95%CI 6, 43, p = 0.03) [13] . Olesen et al. showed a 2.5-fold increased risk of haematological malignancies and non-Hodgkin's lymphoma (NHL) and 2.9-fold increased risk of leukemia [7] . Rosenthal et al. reported an increased risk of non-Hodgkin lymphoma in women and an increased risk of leukaemia in men [10] . These finding were confirmed by the series of studies used the extended case-control approach based on the large-sized samples of patients with a certain sitespecific malignancy. [67] . In the study of Brown et al., based on a large male population, SSc and multiple myeloma were significantly linked [63] . Risk factors for malignancy in SSc. RNP I/III positivity as a risk factor of malignancy developed temporally close to SSc onset was demonstrated across all studies where it was evaluated [19, 41, 42] , whereas other purported characteristics showed inconsistent results ( Table  3) . Male sex and late onset disease were most often reported as risk factors [6, 8, 11, 12, 22, 39] . Smoking and duration of interstitial lung disease (ILD) increased the risk of lung cancer [9, 13, 20, 22] ; a positive family history of breast cancer increased the risk of breast cancer [21, 22] . Male sex and longstanding gastroesophageal reflux disease with Barrett's esophagus independently increased the risk of esophageal adenocarcinama in SSc patients [6, 46, 64] .
Immunosupressive therapy and SSc duration were not associated with cancer risk [8, 21, 22, 30, 37] . The SIRs for cancer were analysed in dSSc and lSSc patients in 2 papers [4, 12] showing inconsistent results: no difference between SSc subtypes [4] and increased SIR for cancer in dSSc patients [12] . All other studies comparing SSc patients with and without cancer did not find any differences in cancer risk in respect to SSc subtype [6, 8, 9, 11, 18, [20] [21] [22] 37] (Table 3) .
Attributable risk of cancer to mortality yin systemic sclerosis. The mean (±standard deviation) percentage of deaths attributable to cancer among all SSc patients who had died was 14.5% ± 6.2% (median 13.8%), and among only known causes of deaths was 15.7% ± 6.6% (median 14.7%) ( Table 4) . Malignancy was the leading cause of non-SSc related mortality (37.8% ± 22.6%, median 31.3%) followed by infection or atherosclerosis [1, 2, 3, 7, [50] [51] [52] [53] 60] . Lung cancer was the most frequently seen site-specific malignancy [1] [2] [3] 49, 50, 59] accounting for 23% -58% of all fatal malignancy cases, followed by breast and hematological malignancies (Table 4). Two studies were population-based and reported the SMRs for specific causes of death [25, 36] 
Discussion
Synthesis of the published literature suggests a twofold increased risk of all-site malignancy in SSc patients compared to the general population, with men being at a higher risk than women. The average incidence of all-site malignancy was 14 cases per 1000 person-years and the prevalence ranged from 4% to 22%. A recent systematic review showed similar findings of 1.75-fold increase in malignancy risk in SSc patients [17] . The strengths of the present work are an increased scope of literature search resulting in additional articles captured for meta-analysis [14, 45, 65, 66, 68] , evaluation of SIRs by sex and estimation of overall SIRs for all site-specific malignancies reported in the published literature.
The majority of studies, based on predominantly Caucasian cohorts, reported comparable results on a slightly increased (1.5-2-fold), but statistically significant risk of malignancy in SSc. The exceptionally high rise (4-5-fold) in cancer risk was found in Asian SSc population [8, 14, 18] . The bias in these three studies from Japan and South Korea might relate to a small sized groups and a short observation period. Indeed, a recent large cross sectional study based on National annual survey conducted by the Ministry of Health, Labour and Welfare of Japan has revealed that the risk of malignancy in SSc was only two times higher than in the general population, in accordance with the slightly increased risk of malignnancy shown for the European and American cohorts of SSc patients [39] . Similar findings of a 1.6-fold increase in the observed number of cancers in SSc patients were reported in the study from Taiwan based on 2053 SSc patients [43] .
Although most studies seemed to follow the trends seen in our meta-analysis, three studies did not show an increased risk of cancer in SSc patients [4, 5, 45] . Although, the overall cancer rate in SSc found by Chatterjee et al. was even higher (84%) than that in the majority of other studies, but similarly to the studies of Black et al. and Thomas et al. the difference did not reach statistical significance compared to the general population of metropolitan Detroit which is itself characterized by an increased cancer rate [69] . On the other hand, as these studies were based only on medical records, the local population of SSc patients might be overestimated that can potentially result in lower SIR.
Data also substantiate an increased risk of certain sitespecific cancers in SSc. Lung cancer was associated with the highest relative risk which was more than four-fold higher than in the general population. It often complicated the course of long-standing SSc with pulmonary fibrosis. Pontifex et al. showed that bronchogenic (small cell and squamous) lung cancer developed 25 years after Sc onset, while peripheral (large cell, broncho-alveolar S Open Access OJRA
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Open Access OJRA 238 Table 2 . Incidence (I, %) and prevalence (P, number of cases/1000 person/year) of the overall and site-specific malignancies in patients with systemic sclerosis. ever diagnosed; *** malignancy occurred within 4 years after the onset of SSc. NR-not reported. HE-haematological malignancies include lymphoma, leukemia and multiple myeloma, NHL-non-Hodgkin's lymphoma, Leuleukemia, LC-lung cancer, BC-breast cancer, CC-cervical cancer, EC-esophageal cancer, LivC-liver cancer, OP-oropharingeal cancer, MM-malignant melanoma. carcinoma and adenocarcinoma) appeared earlier, in 5 years at average [20] .
Study
The most frequent histology is non-small cell lung carcinoma with the great majority of SSc patients (40% -50%) having adenocarcinoma. The risk appears to be also heightened for haematological malignancies, especially for non-Hodgkin's lymphoma. Some other sitespecific malignancies, such as melanoma, liver, oropharyngeal and cervical cancers, showed similarly heightened SIR; but paucity of studies preclude any reliable assumption. Based on observed versus expected cases, there was considerable variation in the calculated SIR among the individual studies for breast and esophageal cancers, and the confidence intervals were relatively imprecise. Nevertheless, the random effects metaanalysis did not reveal an increased risk of these types of cancer in SSc patients. A possible explanation of the fact that oexisting breast cancer and SSc often arise in a brief c time period is that in these cases the onset of malignancy might trigger the development of clinically apparent autoimmunity [41] . Cancer was the leading cause of deaths not directly related to disease specific organ-based complications in SSc patients. Mortality attributable to lung cancer comprised one-third to a half of all fatal malignancies, followed by breast and haematological malignancies. The proportion of deaths due to cancer in SSc patients varied between 6.8% -24.5% that may be explained by the differences in overall cancer mortality rates between countries and/or in a study period as cancer care/outcomes have significantly shifted over time, and/or by the different average age of patients enrolled into the studies.
The identification of SSc patients at high risk for neoplasms could have a large impact on survival by improving patient outcomes and decreasing mortality. The most promising candidate for malignancy screening is RNAP I/III seropositivity in SSc patients with rapid progression of skin involvement [19, 41, 42] .
Other risk factors include male sex and late disease onset. Site-specific malignancy risk factors are smoking and long-lasting interstitial lung disease for lung cancer; longstanding gastroesophageal reflux disease with Barrett's esophagus for esophageal adenocarcinoma, and a positive family history for breast cancer.
Male patients with SSc are at a higher risk for all-site malignancy, and lung cancer, specifically, that was confirmed by meta-analysis. Some inconsistency seen in the published studies was related to a proportion of specificsite cancers in the cohorts which possess a different distribution among women and men. The further studies should be aimed to investigate each site-specific malignnancy separately according to the gender of SSc patients. In this regard, Chatterjee et al. revealed that liver cancer occurred in the Afro-American female SSc patients at a rate nearly 46 times greater than expected in the general Afro-American female population [4] .
ILD showed inconsistent results as a risk factor for malignancy across many studies where it was evaluated. It might be explained by different methods used for lung fibrosis detection which varied significantly between the studies and over the years, even within the same study considering a retrospective design with a long follow-up period [9, 20, 37] . Alternative reason for controversial findings could be that a long-lasting ILD regardless of its extent in SSc patients may be a risk factor for cancer. Even minor interstitial pulmonary changes that have lasted for a long time entails a chronic local injury with repeated cycles of epithelial cell damage and repair that might lead to genetic mutations. Indeed, lung cancer more often complicates the course of long-standing SSc as the average disease duration from SSc onset to the occurrence of lung cancer was typically 5 -13 years [9] [10] [11] .
On the molecular level, lung cancer is thought to develop from a stepwise accumulation of multiple acquired genetic alterations [70] . An increase in acquired somatic genetic damage has been recently shown among patients with SSc that might explain the enhanced cancer risk. The number of studies revealed genetic damage not only in SSc patients, but also in their first-degree relatives (increased variable number of random repeat mutations and increased chromosomal breakage rate) [71, 72] . This is in accordance with the higher prevalence of cancer among first-degree relatives [73] and with the fact that a positive family history of cancer was one of the risk factors for its development in SSc patients [21, 22] .
The cause of the increased genetic instability in SSc patients and their relatives is still unknown and should be a priority in further investigation. It likely relates to the altered function of proteins which are responsible for DNA repair and/or which mediate cell apoptosis in response to DNA damage (e.g. tumor suppressor p53 and p21 proteins) [70] . The loss of their functions can be caused by gene polymorphism or chronic DNA damage/repair under the condition of persistent inflammation in SSc. Thus, the studies of tumor suppressor proteins in SSc are merited to provide more information on the mechanism of tumorogenesis.
RNP I/III positivity was reported as a risk factor with a high inter-study consistency. Enhanced nuclear RNA polymerase III antigenic expression by tumor tissues was demonstrated exclusively in SSc patients with RNA polymerase antibodies [41] . Possibly, expression of the same autoantigens in damaged vessels leads to immune response directed against specific host tissues, with consequent tissue damage that generates the SSc clinical phenotype [41] . These data provide strong evidence that anti-cancer immunity and autoimmunity are related.
Further investigations of autoantibodies in SSc patients with cancer are very important. Antinuclear antibodies, usually found in systemic rheumatic diseases (anti-DNA, anti-Sm, anti-RNP, p53, c-myc, anti-Ku, aPL and others), have been reported for decades in patients with various cancers [74] . These autoantibodies are currently considered as extremely promising diagnostic and prognostic biomarkers of cancer (similar to their value in systemic autoimmune diseases) and have the potential to detect cancer early when the treatment has the best chance to affect tumor behavior [75] . As believed, the antibodies to RPA32, annexin XI-A, and EF-2 in the sera of a small proportion of patients with systemic autoimmune diseases may also represent early markers of malignancy [75] .
The observed differences in the studies could be real or they could be accounted for by various combinations of the following factors. First, it is difficult to precisely examine the possible increased risk of malignancy in scleroderma patients because of the rarity of this disease and therefore the small number of patients available for a study. We used a broad search strategy to capture evidence from many different settings, and the patient cohorts in some of the studies were relatively small. The heterogeneity among studies is also related to the populations examined, the methodology of case ascertainment and the data sources, as well as to the background incidence of cancer in different geographic areas and the wide variation in follow-up that could potentially bias the results. Besides, it is difficult to separate the underlying risk associated exclusively with the disease from some of the known and unknown confounders: risk factors for cancer (potential treatment effects, dietary factors, cigarette smoking), the genetic, racial, ethnic, behavioral, occupational, and environmental risk factors. Most of these studies excluded cancer cases that may have been diagnosed shortly before scleroderma onset, and therefore the risk may be underestimated. It is possible that the variability observed in the SIRs may result from these differences.
In summary, we found that the average incidence of all-site malignancy in SSc patients was 14 cases per 1000 persons-years. Compared to the general population, SSc was associated with a twofold increase in malignancy risk. Male patients were at a higher risk than female patients. The highest four-fold increased risk was observed for lung cancer, with adenocarcinoma being the most frequent histology. Non-Hodgkin's lymphoma was associated with a two-fold rise in an overall risk. The risks of breast and esophageal cancers among SSc patients were comparable to the general population. SSc patients may be at a higher risk of leukemia, malignant melanoma, liver cancer, cervical and oropharingeal cancers. Purported risk factors for cancer in SSc include RNAP I/III positivity, male sex, increasing age, a positive family history of breast cancer, smoking and a long-lasting ILD. Vigilance is recommended in this group of patients. Therapy, disease duration and subtype are not among risk factors of cancer in SSc. Further studies of risk factor identification, risk stratification and impact on early diagnosis of cancer are needed to enhance our understanding of malignancy in SSc and to develop preventative strategies to improve survival.
